Introduction: As adolescents and young people living with HIV (AYLH) age, they face a "transition cascade, " a series of steps associated with transitions in their care as they become responsible for their own healthcare. In high-income countries, this usually includes transfer from predominantly paediatric/adolescent to adult clinics. In sub-Saharan Africa, paediatric HIV care is mostly provided in decentralized, non-specialist primary care clinics, where "transition" may not necessarily include transfer of care but entails becoming more autonomous for one's HIV care. Using different age thresholds as proxies for when "transition" to autonomy might occur, we evaluated pre-and post-transition outcomes among AYLH. Methods: We included AYLH aged <16 years at enrolment, receiving antiretroviral therapy (ART) within International epidemiology Databases to Evaluate AIDS Southern Africa (IeDEA-SA) sites (2004 to 2017) with no history of transferring care. Using the ages of 16, 18, 20 and 22 years as proxies for "transition to autonomy, " we compared the outcomes: no gap in care (≥2 clinic visits) and viral suppression (HIV-RNA <400 copies/mL) in the 12 months before and after each age threshold. Using log-binomial regression, we examined factors associated with no gap in care (retention) in the 12 months post-transition. Results: A total of 5516 AYLH from 16 sites were included at "transition" age 16 (transition-16y), 3864 at 18 (transition-18y), 1463 at 20 (transition-20y) and 440 at 22 years (transition-22y). At transition-18y, in the 12 months pre-and post-transition, 83% versus 74% of AYLH had no gap in care (difference 9.3 (95% confidence interval (CI) 7.8 to 10.9)); while 65% versus 62% were virally suppressed (difference 2.7 (À1.0 to 6.5%)). The strongest predictor of being retained post-transition was having no gap in the preceding year, across all transition age thresholds (transition-16y: adjusted risk ratio (aRR) 1.72; 95% CI (1.60 to 1.86); transition-18y: aRR 1.76 (1.61 to 1.92); transition-20y: aRR 1.75 (1.53 to 2.01); transition-22y: aRR 1.47; (1.21 to 1.78)). Conclusions: AYLH with gaps in care need targeted support to prevent non-retention as they take on greater responsibility for their healthcare. Interventions to increase virologic suppression rates are necessary for all AYLH ageing to adulthood.
| INTRODUCTION
There is a growing cohort of adolescents and young adults living with HIV (AYLH), largely due to the increasing number of children with perinatally acquired HIV surviving into adolescence and adulthood, combined with a growing number of youth with non-perinatally acquired HIV. In 2017, nearly three million youth (aged 15 to 24 years) were living with HIV in sub-Saharan Africa [1] . As these young people become adults, they are increasingly expected to become responsible for their own healthcare and progressively required to start setting up their own clinic appointments and be responsible for collecting and taking their antiretroviral therapy (ART).
Clinical outcomes and retention among AYLH have generally been poorer when compared to young children and older adults [2] [3] [4] [5] [6] . In settings where paediatric HIV care is provided within specialized paediatric facilities, adolescents and young adults have to be transferred out to adult HIV clinics as they age. Research from North America and Europe has shown that during this process, not all youth transferred to adult clinics successfully continue care [7] [8] [9] [10] [11] [12] . There are very limited data on transition outcomes among AYLH in sub-Saharan Africa [13] and a paucity of evidence as to the outcomes of adolescents as they grow older in settings where transition to adulthood necessitates taking on greater responsibility for one's healthcare but is not accompanied by physical transfer of care from a paediatric/adolescent clinic to a distinct adult HIV clinic. This could be the most common scenario within sub-Saharan Africa as only a third of facilities included in a situational analysis of facilities within sub-Saharan Africa reported attending to adolescents separately from adult and/ or paediatric patients [14] . Also, most studies have reported on outcomes after transition, with few studies [15, 16] describing engagement in care among transitioning youth in the period before transition. Because they often have an extended period of HIV care and ART prior to transition, unlike conventional HIV cascades that start after diagnosis, the adolescent transition cascade needs to be double-sided, comparing outcomes both before and after transition [17] .
We sought to evaluate gaps in care and viral suppression in AYLH in the year before and after their 16 th , 18 th , 20 th and 22 nd birthdays, using these different age thresholds as proxies for when "transition" to autonomy may occur in the context where adolescents remain at the same facility through to adulthood.
| METHODS

| Study population
We analysed prospectively collected data of AYLH who were receiving ART within International epidemiology Databases to Evaluate AIDS Southern Africa (IeDEA-SA) sites between 2004 and 2017. The IeDEA-SA cohort is an NIH-funded collaboration which collects de-identified routine patient data on demographics, antiretroviral drugs, clinical contacts and laboratory tests from cohorts within six Southern African countries: Lesotho, Malawi, Mozambique, South Africa, Zambia and Zimbabwe [18] . These data are transferred annually to the IeDEA-SA Data Centers at the Universities of Cape Town, South Africa, and Bern, Switzerland, for inclusion in combined analyses using a standard data transfer format.
| Ethics
All cohorts contributing data to IeDEA-SA have ethics approval to contribute de-identified data to the IeDEA-SA Data Centers. Their respective institutional review boards have granted waivers of informed consent as the analyses use data collected as part of routine patient care. The IeDEA-SA Data Centers have ethics approval to combine and conduct analyses on the de-identified data.
| Outcomes and analysis
We assessed "transition" at the ages of 16, 18, 20 and 22 years, with a special focus on the age of 18 years, as this is the legal age of adulthood in most Southern African countries. For this analysis, age was used as a proxy for "transition" to adulthood because in the majority of facilities included, growing up into adulthood is not usually accompanied by physical transfer of care to a distinct adult HIV clinic. To be included in the analysis of "transition" at age 18 years (transition-18y), patients had to have been enrolled into HIV care before the age of 16 years, as patients enrolling at older ages (e.g. at the age of 20 years) would be responsible for their own healthcare at enrolment in routine care settings; have at least one visit at the age of 18 years within a window of six months before and after their 18 th birthday (i.e. have at least one visit between the ages of 17.5 to 18.4 years); been on ART by their 18 th birthday; and not transferred to a different facility as they aged up. In addition, the date of a patient's 18 th birthday had to be at least one year before the closure of their cohort database to allow for evaluation of retention at one-year post-transition ( Figure 1a ). These criteria were adjusted accordingly for the analyses at 16 years (transition-16y), at 20 years (transition-20y) and at 22 years (transition-22y) (Figures 1a and 1b ). While the transition-18y, transition-20y and transition-22y analyses included patients enrolled into HIV care before the age of 16 years, the transition-16y analysis only included patients enrolled into care before the age of 14 years so that engagement in the year prior to transition could be assessed. When assessing viral suppression outcomes, we only included patients in care within facilities with routine annual viral load testing.
The primary objectives were to compare the proportion of patients (a) with no gap in care in the 12 months before and 12 months after the respective age threshold, and (b) virally suppressed in the 18 months before and 18 months after each transition-age threshold. No gap in care was defined as having at least two clinic visits more than two months apart in the AE 12-month period. Viral suppression was defined as an HIV-RNA viral load < 400 copies/mL in the AE18-month period. We used an 18-month window to assess viral suppression as routine viral load testing is recommended annually and we wanted to allow enough time on either side of the transition age for a viral load to be done and documented. Secondary objectives were to assess changes in the proportion of patients with no gap in care in the 12-month period post-transition as the age of enrolment into HIV care increased (<10, 10 to 14, and 15 to 16 years), and to evaluate predictors of having no gap in care in the post-transition period. Adolescents with no gap in care after the respective transition-age threshold were considered "retained. " As our primary analysis may have favoured the pre-transition period since adolescents had to have a visit within a year of the relevant age threshold to be included, sensitivity analyses examining these outcomes among only AYLH retained at the time of database closure were conducted. In addition, an analysis assuming "transition" at the age of 15 years (transition-15y) was conducted given that the age of 15 years is often used as the cut-off point by many national governments when reporting HIV data.
Characteristics of AYLH for each analysis were described by frequencies for categorical variables and as medians and inter-quartile ranges for continuous variables. As the mode of infection was not available in our data, we considered adolescents who had enrolled into HIV care before the age of 10 years as likely perinatally infected [19] . We investigated whether there were any differences in the proportion of patients with no gap in care and proportion virally suppressed before and after each respective age threshold which we termed as the pre-and post-transition periods. Predictors of being retained in the 12 months post-transition were assessed using log-binomial regression models. In the adjusted models we included the following pre-determined covariates: sex (male or female), age at first entry into HIV care (<10, 10 to 14, or 15 to 16 years), total number of patients transitioning at the same time in the clinic (≤50, 51 to 100, 101 to 200, or >200) and having a gap in care in the 12-month period pretransition (gap in care vs. no gap in care). All statistical analyses were conducted in Stata 15.0 (STATA Corporation, College Station, Texas, USA).
| RESULTS
The analyses included 5516 (51% female) AYLH at transition-16y, 3864 (53% female) at transition-18y, 1463 (54% female) at transition-20y and 440 (59% female) at transition-22y thresholds ( Table 1 and Figures 1a and 1b) . Across transitionage cohorts, the majority enrolled into HIV care (61% to 68%) and started ART (50% to 67%) between the ages of 10 and 14 years. The proportion of adolescents assumed to have perinatal HIV (enrolled into HIV care aged <10 years) decreased with increasing transition-age threshold from 34% (transition-16y) to 2% (transition-22y) ( Table 1) .
Eighty-six percent of AYLH included in the transition-16y analysis had no gap in care in the 12-month period pre-transition, 83% in the transition-18y, 79% in the transition-20y and 73% in the transition-22y age thresholds ( Table 2 and Figure 2 ). In the 12-month period post-transition, 79% of AYLH included in the transition-16y analysis had no gap in care, 74% in the transition-18y, and 70% in both the transition-20y and transition-22y analyses ( Table 2 and Figure 2 ). Compared to the pre-transition period, the proportion with no gap in care consistently declined post-transition, across all transition age thresholds (transition-16y: 86% vs. 79%, difference 7.2 (95% confidence interval (CI) 6.0 to 8.4); transition-18y: 83% vs. 74%, difference 9.3 (7.8 to 10.9); transition-20y: 79% vs. 70%, difference 8.7 (6.1 to 11.4); transition-22y: 73% vs. 70%, difference 3.0 (À2.4 to 8.4)) ( Table 2 and Figure 2 ). Comparing the pre-and post-transition periods, we found no differences in the proportions of patients with viral load measurements (e.g. transition-18y: 82% vs. 81%, difference 1.1 (À1.8 to 4.1)) or proportions with viral suppression (e.g. transition-18y: 65% vs. 62%, difference 2.7 (À1.0 to 6.5)). This was observed throughout most transition age thresholds (Table 2 and Figure 2 ).
In the sensitivity analyses comparing the pre-and post-transition periods among patients still in care at the time of database closure, we found that the proportion with no gap in care also consistently declined post-when compare to pretransition at the transition-16y and transition-18y thresholds (transition-16y: 89% vs. 86%, difference 2.8 (1.6 to 4.0); transition-18y: 86% vs. 83%, difference 2.7 (1.2 to 4.3)), but there were no differences at the transition-20y and transition-22y thresholds (transition-20y: 82% vs. 80%, difference 2.3 (À0.5 to 5.1); transition-22y: 77% vs. 80%, difference À3.0 (À7.7 to 3.6)) ( Table 3 and Figure 3 ). Across all transition-age thresholds, there were no differences in the proportions of patients with viral load measurements or proportions virally suppressed between the pre-and post-transition periods ( Table 3 and Figure 3 ). In further analyses assuming transition at age 15 years, we found very similar results to those from the transition-16y analysis (Table S1) .
We found no difference in the proportion of patients virally suppressed between the pre-and post-transition periods among AYLH included in this analysis with assumed perinatal HIV (transition-18y: 63% vs. 58%, difference 4.7 (À2.3 to 11.7)) and those with non-perinatal HIV (transition-18y: 66% vs. 64%, difference 1.7 (À3.4 to 6.7) and 68% vs. 66%, difference 2.6 (À9.0 to 14.2)) ( Figure 4 and Table S2 ). However, as with the whole cohort, proportion with no gap in care declined post-transition when compared to pre-transition in both groups ( Figure 4 and Table S2 ). Results for the transition-16y and transition-20y age thresholds are shown in Table S2 and Figure S1 .
Using log-binomial regression, patients were consistently more likely to be retained post-transition if they had no gap in care in the preceding year, across all transition-age thresholds (transition-16y: adjusted risk ratio (aRR) 1.72 (95% CI 1.60 to 1.86); transition-18y: aRR 1.76 (1.61 to 1.92); transition-20y: aRR 1.75 (1.53 to 2.01); transition-22y: aRR 1.47 (1.21 to 1.78) ( Table 4 ). Sex was not associated with post-transition retention throughout all transition-age thresholds. Also, for certain transition-age thresholds, the number of youth transitioning at the same time within a clinic was associated with retention. Compared to patients transitioning with ≤50 other patients within the same year in the clinic, those transitioning with 51 to 100 other patients were slightly more likely to be retained at the transition-16y (aRR 1.06 (1.03 to 1.09)) and transition-18y (aRR 1.04 (1.01 to 1.08)) age thresholds; those transitioning with 101 to 200 other patients were less likely to be retained at the transition-18y (aRR 0.89 (0.84 to 0.94)) and transition-20y (aRR 0.80 (0.72 to 0.88)) age thresholds, and those transitioning with >200 other patients were less likely to be retained across the transition-16y: aRR 0.88 (0.85 to 0.91), transition-18y: aRR 0.79 (0.76 to 0.83), and transition-20y: aRR 0.74 (0.66 to 0.84) age thresholds (Table 4 ). Similar results were also observed in the analyses restricted to AYLH still in care at the end of follow-up (Table 5 ).
| DISCUSSION
To the best of our knowledge, this is the first analysis to examine gaps in care and viral suppression outcomes in the pre-and post-transition periods for adolescents and young adults living with HIV transitioning to adulthood without transferring care within facilities in Southern Africa. We demonstrate that across multiple transition-age thresholds, retention of youth in care declined after transition, with this trend worsening as the age of transition increased from 16 to 22 years. Our data support the conclusion that adolescents and young adults are at an increased risk of disengaging from care as they reach the ages when they are expected to take responsibility for their own care and are managed as "adults. "
Our findings show a decline in the proportion of youth who consistently remain in care after reaching transition ages, with 79% having no gaps in care in the 12 months after transition-16y and 70% after transition-22y. While our study used age as a proxy of transition to adulthood, our findings are consistent with studies from other cohorts that have shown sub-optimal engagement in care as adolescents enter adulthood [7, 8, 11, 20, 21] . For example, one study in the Netherlands reported an increase in the mean number of individual yearly missed appointments as adolescents aged up to young adulthood [22] , while another in Zimbabwe showed that loss to follow-up among those who started ART as older adolescents (15 to 19 years) nearly doubled as they aged up to the ages of 20 to 24 years [23] . Another analysis that looked at loss to follow-up rates within the US HIV Research Network (HIVRN) cohort reported that 11% of patients were lost to follow-up in the year after their 18 th birthday and 20% were lost after their 22 nd birthday [24, 25] . Other studies from settings were adolescents and young adults transfer to adult care as part of the transition process have reported worse outcomes [11, 12] . However, direct comparison with our results is difficult given that patients in our study remained at the same facility over time. While post-transition virologic suppression rates were low in our cohorts (60% to 70%), they were similar to the pretransition rates. For adolescents who have transferred to adult clinics, virologic suppression rates in adult clinics have not differed substantially from those in the paediatric setting [16] . Notably, poor treatment adherence in paediatric care has been reported to be a reliable predictor of adherence in adult care [22] . This emphasizes the importance of taking available opportunities to proactively address adherence issues early in care in order to improve later adherence and ensure adolescents have effective tools they can take into adult life.
While the assumed mode of HIV acquisition and sex were not associated with post-transition retention, the strongest predictor of post-transition retention was prior poor engagement in care. Youth with gaps in care have been shown to be at risk of being lost to follow-up as they grow older [25] . Furthermore, we found that for certain transition-age thresholds, the number of patients transitioning within the same year in the clinic impacted retention. Compared to youth transitioning with ≤50 others, youth transitioning with 51 to 100 others did better at the transition-16y and transition-18y thresholds, those transitioning with 101 to 200 others did worse at the transition-18y and transition-20y thresholds, and those transitioning with >200 other patients did worse across all transition-age thresholds. Although these results are difficult to Table 3 . Outcomes across different transition age thresholds to restricted to patients still in care at the end of follow-up Difference (95% CI) À0.5 (À2.6 to 1.6) 0.9 (À2.3 to 4.1) 2.1 (À5.6 to 9.9) 5.4 (À10.8 to 21.5)
HIV-RNA <400 copies/mL b (N = 1285) (N = 634) (N = 143) (N = 33)
18 months before age of transition 66% 66% 61% 64%
18 months after age of transition 65% 64% 60% 73%
Difference (95% CI) 1.5 (À1.2 to 4.1) 1.4 (À2.6 to 5.5) 0.7 (À8.1 to 9.5) À9.1 (À27.5 to 9.3) CI, confidence interval. a Limited to patients still in care at the end of follow-up within facilities with annual routine viral load monitoring;; b limited to patients still in care at the end of follow-up with viral load measurements done before and after the respective age threshold. interpret, it is possible that clinics with few transitioning patients are not adequately equipped to deal with the transition process. In contrast, clinics with too many patients may lack enough staff and time to support individualized and adolescent-friendly care for youth. An earlier survey of facilities providing care to adolescents living with HIV in sub-Saharan Africa showed that half of facilities had no guidelines or protocols for managing adolescent transition [14] .
The major caveat to the interpretation of this study is that we used age as a proxy for transition to autonomy in the context of clinical care where youth remained in the same care facility as they aged and without knowing when they actually became responsible for their own individual health management. Also, we did not include a comparison with those who were known to have been transferred out of care for other reasons, who were silently transferred (e.g. remained in care at another facility through an undocumented transfer) or who were LTFU before each respective age thresholds. Our definition of "retention" was pragmatic but relatively crude and we may have misclassified patients who had temporary gaps in care but later re-engaged with HIV care services. In addition, our analysis was limited to variables that were available in routinely collected data and we could not measure specific factors related to independence or self-management of care such as the ability to make appointments, attending clinic appointments without a parent or caregiver, and transition-related processes which may entail changes in the clinic days or times, or movements to a different section of the facility, without transfer of care. Despite these limitations, given that our analysis used routinely collected longitudinal data, our findings may be more generalizable to settings with similar transition processes. By studying engagement in care and viral suppression in the year before and after transition, we were able to more fully characterize care experiences of youth as a continuum, showing how care-related behaviours earlier in life impact those later in life. For adolescents and young adults living with HIV, the period of healthcare transition is a particularly vulnerable one that is associated with greater risk of disengagement from care. We found that gaps in care earlier in adolescence and young adulthood are a marker for worse outcomes later. There is an urgent need for timely interventions for AYLH with gaps in care before they reach transition ages and for models of care tailored to the needs of transitioning adolescents and young adults. For AYLH managed within facilities where transition to adulthood does not entail a physical transfer of care to an adult HIV clinic, greater awareness of the risk of poorer outcomes and investment of human and technical resources are needed to ensure they successfully adapt to changing expectations for their care.
| CONCLUSIONS
Our analysis demonstrates that AYLH with gaps in care need targeted support to prevent non-retention as they age and take on greater responsibility for their healthcare. We noted with concern the low virologic suppression rates both in the pre-and post-transition periods. 
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